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Abstract:

Broadband operations, based on retracing
behaviors (RB) of the phase-matching
curves, in various quasi phase-matched
materials with collinear, non-collinear, and
quasi-collinear phase-matching schemes are
theoretically studied. Broadband operation
is feasible only at the degenerate point in the
collinear configuration with a specific pump
wavelength, Agc. Such a constraint sets a
significant limitation in application. With a
non-collinear or quasi-collinear phase
matching configuration, the conditions and
resultant output signal ranges of broadband
operations are much more flexible,
particularly  those useful for fiber
communications and optical imaging of
biological tissues. In a signal-resonated
(1dler-resonated) optical parametric
oscillator (OPO) with non-collinear or
quasi-collinear configuration, RB and hence
broadband operation can be observed only
for pump wavelength shorter (Jonger) than
Asc. Also, broadband operation for an
idler-resonated OPO with pump wavelength
longer than Agc can be obtained only at the
degenerate point. Nevertheless, broadband

phenomena for a signal-resonated OPO with
pump wavelength shorter than Azc can be
observed either at degenerate points or away
from the degenerate points.

Summary:

We have numerically demonstrated the
retracing behaviors (RB) of quasi-phase
matching (QPM) phase-matching curve,
which are the key phenomena for broadband
optical parametric processes. With QPM,
vertical phase matching curves and hence
broadband operations exist in collinear,
non-collinear, and quasi-collinear
configuration. Broadband operation is
feasible only at the degenerate point in the
collinear configuration with a specific pump
wavelength, Agc. Such a constraint sets a
significant  limitation in  application.
Particularly, all the broadband signals of
collinear phase-matched PPLN, PPKTP,
PPKTA, PPLT, and QPM GaAs (the data are
not discussed in this paper) are beyond the
fiber communication wavelength range and
biological window (650 — 1300 nm). With
non-collinear or quasi-collinear phase
matching configuration, the conditions and
output signal ranges of broadband operation
are much more flexible, particularly those
useful for fiber communication and optical
imaging of biological tissues.

In a signal-resonated (idler-resonated)
OPO with non-collinear configuration, RB
and hence broadband operation can be
observed only for pump wavelength shorter
(longer) than Agc. Also, broadband
operation for an idler-resonated OPO with



pump wavelength longer than Agc can be
obtained only at degenerate points.
Nevertheless, broadband phenomena for a
signal-resonated OPO with  pump
wavelength shorter than Az can be
observed either at degenerate points or away
from the degenerate points. These rules are
also true for quasi-collinear configurations.
They are actually quite general for all
concerned QPM crystals and are valid for
the BPM configuration.

Besides these trends, a few common
phenomena for broadband operation based
on QPM crystals deserve mentioning. First,
as pump wavelength approaches Agc, the
phase-matching angle for implementing
broadband OPO becomes smaller (closer to
the collinear case). In this situation, the
broadband signal wavelength range is closer
to the degenerate point and signal
bandwidth becomes larger. Second, the
phase-matched QPM period for broadband
OPO in quasi-collinear configuration 1is
always smaller than that in a non-collinear
scheme. With a shorter pump wavelength,
the difference in QPM period becomes
larger. Third, the phase-matching angles for
broadband OPO in quasi-collinear cases
become quite large, particularly with short
pump wavelengths. With a shorter pump
wavelength, the angle between idler and
pump becomes larger. In this situation. the
overall efficiency will be reduced.

In the cases of non-collinear and
quasi-collinear configurations, broadband
generation can be obtained at the expense of
nonlinear conversion efficiency. In both
cases, the advantage of increasing crystal
length for enhancing conversion efficiency
in the collinear configuration does not exist.

Considering the operation of
difference-frequency generation, the
conversion efficiency depends on the

overlap degree of the incident pump and
signal/idler beams. For the quasi-collinear
case, if a waveguide structure is fabricated,
the conversion efficiency 1s actually not
degraded when compared with the typical
collinear configuration with a waveguide
structure. This is so because usually the

fabricated waveguide cannot guide the idler,
resulting in the similar situation to the
quasi-collinear configuration.

From the results reported above, one
can see that the suitable pump wavelengths
for broadband generation are always shorter
than 900 nm. Such high-coherence pump
sources are available on the market. For
instance, widely tunable narrow-bandwidth
Ti:sapphire laser (with a ring cavity) should
be useful for such operations. When a
compact setup is required, such as for the
application to fiber communications, highly
coherent  laser diodes based on
GaAs/AlGaAs or GaAs/InGaAs quantum
well structures should be developed first.

Also, in experiments with non-collinear
OPG on PPLN, we have theoretically
predicted retracing behaviors of phase
matching and experimentally demonstrated
the generation of broadband signal and idler
beams. The broadest signal spectrum
covered the wavelength range from 1.66
through 1.96 pm. The corresponding idler
wavelength ranged from 2.328 through
2.963 pum. Note that the OPG output
bandwidth reported can be reduced if an
OPO is implemented because of the
propagation direction confinement of either
signal or idler.

Meanwhile, we report the reduced
waveguiding efficiency for the signals
around 1560 nm as the injection current of
an GaAs/AlGaAs multiple quantum well
laser diode (lasing wavelength at 840 nm)
with a ridge-loading waveguide
configuration increased. This reduction
trend stopped when the injection current
reached the threshold condition of the laser
diode. The decreased waveguide
transmission and the more expanded mode
profile indicated the variation of the
effective refractive index gradient in the
lateral dimension with injection current.
This variation was due to the refractive
index decrease with Increasing carrier
density even below band gap. A slab
waveguide model was used to simulate the
lateral mode profile variation with injection
current. The refractive index differences



between the guiding layer and claddings in
the slab waveguide model provided
estimates of refractive index contrasts of the
laser diode at a concerned wavelength under
various injection conditions.
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